The operation of polarimetric based single beam three axis atomic magnetometer is studied. The magnetometer operates in presence of small bias magnetic field. Its salient features are compared with the analysis of Bloch equation. The sensitivity of the device along three orthogonal directions are measured in low frequency regime, where 1/f noise adversely affect the sensitivity. The cross talk among the three axes magnetic field measurements and relative phase shifts are analysed using Lissajous plot. The sensitivity of the magnetometer is found to be < 10 pT Hz -1/2 @400 mHz in any direction. The investigated magnetometer is suitable for space application, where overall size of the device is of prime importance.
I. Introduction:
The highly sensitive atomic magnetometers have promising prospect due to possible adaptability to variety of application-oriented conditions [1] [2] [3] [4] [5] . The achievable sensitivity has surpassed the conventional magnetometers while operating near room temperature [5] [6] [7] [8] . Pioneering work of several research group has led to miniaturization of the sensor head that is a prerequisite for bio-medical application [4, 7, 8] . The reduction in overall size and weight of these devices is an important parameter to position them as a viable replacement for the low sensitive flux gate magnetometers in satellites. For effective space utilization, there is a demand for compact and lightweight three axis atomic magnetometer with pT sensitivity in low frequency regime.
The three-axis atomic magnetometer for a variety of experimental configuration has been demonstrated [9] [10] [11] [12] . Here we have extended the study on single beam three axis atomic magnetometer described in ref- 10 , that has important features for space applications. In this geometry, the magnetometry is carried out near atomic resonance and hence has additional option of in-situ laser frequency stabilization. The experiment is carried out at a lower temperature of the vapour cell that is close to the operating temperature of the diode laser, thereby easing thermal management of the device. The dynamic range of the device can be increased without compromising on the sensitivity by operating in close loop [13] . The operation with small magnetic coils around the atomic cell limits the homogeneity of the magnetic field in the probing volume. Since the magnetometer works in presence of bias magnetic field, it can overcome such practical limitation. In this article, we have investigated sensitivity of this magnetometer along three orthogonal directions in presence of bias magnetic field. The cross talk among three axis measurements are studied. A brief description of the related model based on Bloch equation and its application to the current experimental geometry is presented.
In the envisaged magnetometry geometry [10] , an elliptically polarized light field along z axis perform the dual job of spin polarization through optical pumping and probing of the spin component along it. A small magnetic field is applied along y direction. Under this condition, oscillating magnetic fields are applied in three orthogonal direction to induce coherent oscillation of the atomic spin component along the probing direction [14, 15] . The amplitude of these coherent oscillation depends on the component of the ambient magnetic field along the respective oscillating field and are phase sensitively detected. The associated mechanism can be visualized in the following theoretical description.
II. Theoretical description:
The interaction of a resonant light field with an atomic ensemble gets influenced by small changes in the orientation as well as amplitude of the magnetic field. The high sensitive measurement of such subtle changes is the basis of atomic magnetometry. The semi-classical density matrix calculation is a vital tool for detail analysis of the system. However, many important attributes of the involved mechanism can be addressed by the Bloch equation that describes the evolution of the spin polarization close to the experimental conditions [9, 11, 12, 14] . Since we are working near zero magnetic field, the dynamics of the spin can be approximated by the Bloch equation. The spin loss due to repolarization (due to laser beam) and diffusion can be neglected as a single elliptically polarized light beam is used to interact with atomic gas in a high-pressure buffer gas environment. Under these circumstances, the spin polarization in a magnetic field under steady state condition can be described by the Bloch equation as [14, 15] Further, this simple model overestimates the experimentally observed cross talk and is discussed in Sec-IV. In practice, the signal profile is governed by the competing role of optical pumping followed by
Zeeman redistribution and quantum interference that are function of experimental conditions like buffer gas pressure, polarization state of the input light, tilt between the magnetic field and laser propagation directions, and others [17] [18] [19] [20] [21] . A more elaborate density matrix calculation can address these subtle issues pertaining to the phenomena and is in progress.
Despite its limitation, the analysis of Bloch equation is useful to visualize the underlying mechanism.
III. Experimental apparatus:
The experiment is carried out with a single elliptically polarized laser beam as shown in Fig-2 
IV. Results and discussions:
The operating condition of the magnetometer is established by iteratively changing the bias magnetic fields to bring the , and signal close to zero. This occurs for bias fields of ~-4nT, +8. 
Fig-4:
The magnetic field noise spectral densities are measured simultaneously along three orthogonal direction.
The black, blue and red curve represents the , and signal respectively. The noise densities are primarily limited by the electronic noise. For a1, b1 and c1, a magnetic field modulation at 400 mHz with an amplitude of 300 pT is applied along x, y and z direction respectively. The corresponding Lissajous plot shown in a2, b2, and c2 are obtained by modulating the magnetic field at 400 mHz with an amplitude of ±3nT.
The spectral magnetic noise of the component of magnetic field in three axes while applying a small magnetic field @400 mHz in one of the axis are shown in Fig-4(a1, b1, c1 ). The sensitivity of the magnetometer is < 10 pT Hz 
